Blunt, non-penetrating trauma to the heart and great vessels occurs most commonly following road traffic accidents. Other causes include direct blows to the chest, falls from great heights, sporting and industrial injuries, and kicks by animals. The potential mechanisms by which blunt chest trauma can result in cardiac and aortic injury have been described as: direct force against the chest; bidirectional forces against the thorax; increases in thoracic pressure resulting from sudden compression of the abdomen or lower limbs; sudden deceleration; and blast and concussive forces.' It is presumed that the frequency of cardiac injury reflects the incidence of such trauma and the relative position of the cardiac chambers within the thorax. 
Diagnosis
The actual incidence of cardiac and aortic injury following thoracic trauma is poorly defined. Clinical examination is unreliable as the absence of signs of direct trauma to the chest wall does not exclude significant internal injury, and performing a detailed physical examination in a hectic emergency room can be difficult. In cases of multiple trauma, these diagnostic problems are exaggerated by the urgent need to treat clinically obvious injuries.
In most trauma centres, a chest x ray is used routinely to screen survivors of major trauma for either cardiac or aortic injury. Potential radiographic markers of cardiac and aortic injury include mediastinal widening, sternal or multiple high rib fractures, displacement of the trachea or nasogastric tube, haemothorax, diaphragmatic rupture, apical extrapleural capping, and an indistinct aortic knuckle. 23 Unfortunately none of these signs is specific and interpretation of a supine portable x ray can be difficult. ECG and cardiac enzyme estimation are also used as screening tests for myocardial injury following chest trauma. However, several studies have shown a poor correlation between ECG abnormality and either raised creatine kjnase MB or evidence of regional wall motion abnormality demonstrated by either echocardiography45 or radionuclide ventriculography.6
Aortography is the standard investigation when either clinical or radiographic examination suggests aortic injury. Disadvantages of aortography include its invasive nature, the associated delay and cost, and the limited diagnostic data that it provides as aortography cannot exclude traumatic myocardial injury. Despite these disadvantages the extensive clinical experience that has been accrued using aortography make it the gold standard investigation in most centres for assessing possible aortic trauma (fig 1) . Aortographic images are familiar to thoracic surgeons and guidelines for recommending surgical or medical management based upon the results of aortography are well defined.
Transthoracic echocardiography has a limited role in assessing patients with traumatic cardiac injury, but it is of no value when aortic injury is suspected. Difficulty in obtaining diagnostic images is the principal limitation. 5 7 In contrast, transoesophageal echocardiography is safe, rapid, and provides high quality images of the heart and aorta in the majority of trauma patients.48 In experienced hands, transoesophageal echocardiography is the (fig 3) . This occurs most commonly at the junctions of the right atrium with the vena cavae where the heart is relatively fixed within the thorax.
Injury to the pericardium and coronary arteries Some degree of pericarditis occurs commonly after non-penetrating cardiac injury. This is usually coincidental but occasionally pericardial constriction may develop some years later. Pericardial laceration and rupture occur in fatal cases of severe multiple trauma but rarely in isolation.
Traumatic coronary artery injury resulting in myocardial infarction has been reported. The left anterior descending artery appears to be most commonly involved but accurate diagnosis may be hampered by the limitations of the ECG and the other screening tests in the emergency situation.
Valve injury Isolated injury to cardiac valves following blunt chest trauma is unusual. Historically, aortic valve disruption was regarded as the most common valve injury' but this is probably a reflection of a high incidence of aortic valve injury in fatal cases of severe multiple thoracic injury. Aortic regurgitation may result from avulsion of the valve from the annulus or from laceration of one or more of the aortic cusps. Compressive injury occurring during early ventricular systole is considered to be the usual mechanism of injury. 12 Aortic valve Banning, Pillai Traumatic papillary muscle rupture can result in severe mitral regurgitation (fig 4) . The mechanism is thought to reflect either rupture of the valve following compression of a full left ventricle (isovolumetric contraction) or papillary muscle contusion followed by inflammation and necrosis with subsequent delayed rupture." Our literature review suggested that the latter mechanism is dominant as clinical presentation with pulmonary oedema tends to occur 2-7 days or more after injury. Valve repair is the treatment of choice but occasionally the extent and location of the injury is prohibitive and valve replacement is necessary.
Traumatic rupture of the tricuspid valve is often well tolerated haemodynamically and its Aortic injury Rupture of the thoracic aorta occurs commonly following unrestrained high velocity motor vehicle collisions and it is usually fatal. The aortic isthmus at the site of the attachment of the ligamentum arteriosum in the upper descending aorta is the typical site of injury, as at this point the descending aorta is relatively immobile compared with the arch and ascending aorta, and this appears to predispose it to injury. Data from highly sensitive imaging techniques such as magnetic resonance imaging and transoesophageal echocardiography has resulted in a greater understanding of the pathophysiology of traumatic aortic injury. Traumatic involvement of the aortic wall may vary from a discrete subintimal haemorrhage (invisible on aortography) to complete laceration of all three layers of the aorta resulting in fatal intrathoracic haemorrhage. In cases of multiple trauma when the aortic adventitia and surrounding tissues are intact on magnetic resonance imaging, corrective surgery can be safely delayed allowing treatment of other injuries.'6 During this period, treatment with ,B blockers is recommended and frequent imaging should be performed to determine the optimal timing for surgery. Immediate graft replacement of the affected area is recommended if there is evidence of extravasation or enlargement of the aortic false aneurysm.
Conclusions
Continuing improvements in car safety and emergency care are likely to result in increased numbers of survivors of major trauma reaching hospital. Determining whether these patients have significant myocardial or aortic injury requires a high index of suspicion and a multidisciplinary approach. Improvements in imaging are increasing our understanding of the pathophysiology of blunt thoracic injury, but as yet no single imaging technique is ideal in the emergency setting. Each hospital must consider how to use its expertise to translate advances in thoracic imaging into a reduction in emergency room mortality.
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